Most of the activities of IFN-␥ are the result of STAT1-mediated transcriptional responses. In this study, we show that the BRCA1 tumor suppressor acts in concert with STAT1 to differentially activate transcription of a subset of IFN-␥ target genes and mediates growth inhibition by this cytokine. After IFN-␥ treatment, induction of the cyclin-dependent kinase inhibitor, p21WAF1, was synergistically activated by BRCA1, whereas the IRF-1 gene was unaffected. Importantly, the differential induction of p21WAF1 was impaired in breast cancer cells homozygous for the mutant BRCA1 5382C allele. Biochemical analysis illustrated that the mechanism of this transcriptional synergy involves interaction between BRCA1 aa 502-802 and the C-terminal transcriptional activation domain of STAT1 including Ser-727 whose phosphorylation is crucial for transcriptional activation. Significantly, STAT1 proteins mutated at Ser-727 bind poorly to BRCA1, reinforcing the importance of Ser-727 in the recruitment of transcriptional coactivators by STAT proteins. These findings reveal a novel mechanism for BRCA1 function in the IFN-␥-dependent tumor surveillance system.
I
FN-␥ is a cytokine that plays an important role in both innate and adaptive immunity (1) . At the cellular level, IFN-␥ mediates activation of an antiviral state and causes cell growth arrest at the G 1 phase of the cell cycle (2-6). The IFN-␥ response has also been postulated to be part of an endogenous tumor surveillance system (7, 8) . The biological effects of IFN-␥ are mediated through a heterodimeric transmembrane receptor which is capable of activating the Janus kinase (JAK)-STAT pathway, leading to tyrosine phosphorylation of the STAT1␣ protein (9) . Phosphorylation of STAT1␣ renders it competent for dimerization, nuclear translocation, and DNA binding. The C terminus of STAT1 contains the transcription activation domain (10, 11) , which is modified by phosphorylation at Ser-727 in response to IFN-␥ treatment (12, 13) . The phosphorylation of STAT1 on Ser-727 enhances the recruitment of transcriptional coactivators such as the CBP͞p300 histone acetyltranferases and the DNA replication factor, MCM5 (14) (15) (16) .
BRCA1, first identified as a breast cancer susceptibility gene, encodes a 1,863-aa protein with a N-terminal Really Interesting New Gene (RING) finger domain and a C-terminal acidic domain termed the BRCA1 C terminus (BRCT) (17, 18) . This protein may act at a number of points in nuclear function and growth control (19) (20) (21) (22) (23) and has primarily been implicated in the DNA repair process when cells are treated with DNA-damaging agents (24) (25) (26) .
Recent findings have also implicated BRCA1 as a transcriptional regulator (27, 28) . Ectopic expression of BRCA1 activates several promoter reporter genes, especially those regulated by p53 such as p21WAF1 and MDM2. This ability to regulate gene expression implies that BRCA1 functions as a transcriptional coactivator which can enhance p53-dependent gene regulation (29) . BRCA1 peptides have also been copurified with the RNA polymerase II holoenzyme, and these sequences can act as transcriptional activation domains (30) (31) (32) . Importantly, tumor-associated mutations in the BRCT domain abolish this transcriptional activation activity (27, 28) . Recently, it has been reported that the p300͞CBP coactivator interacts with BRCA1, supporting that BRCA1 plays a role in transcription regulation (33) .
In this study, we demonstrate transcriptional enhancement between IFN-␥-activated STAT1␣ and BRCA1. The cooperation between these proteins results from direct binding of Ser-phosphorylated STAT1␣ to BRCA1. We further show that the BRCA1-STAT1-dependent transcriptional enhancement is promoter specific. The BRCA1 protein is required for IFN-␥ stimulation of the p21WAF1 gene, but not for IFN-␥ stimulation of the IRF-1 gene. This differential regulation of IFN-␥-responsive genes is impaired in BRCA1 mutant cells. Based on these results, we suggest that BRCA1 is a critical component of IFN-␥-regulated antitumor responses.
Materials and Methods
Cell Culture and Antibodies. 293, 293T, 2fTGH, and U3A cells were maintained in DMEM supplemented with 10% FBS (GIBCO͞ BRL). G8 cells were grown in the same medium containing G418 (100 mg͞ml, GIBCO͞BRL). HCC1937 cells were purchased from American Type Culture Collection and maintained in RPMI medium 1640 supplemented with 10% FBS and 1 mM sodium pyruvate. Sf9 cells were maintained in Sf-900 II SFM (GIBCO͞BRL) supplemented with 10% FBS. IFN-␥ was purchased from PeProTech (Rocky Hill, NJ). IFN-␥ (10 ng͞ml) was added 5 h before reverse transcription-PCR (RT-PCR), or 12 h before Western blot analysis. Anti-BRCA1 antibody (Ab-1) was purchased from Calbiochem, and anti-STAT1 (E-23) and glutathione S-transferase (GST) (Z-5) were from Santa Cruz Biotechnology.
Plasmid Construction. Expression vectors for wild-type or Ser-727A mutant human STAT1 cDNAs with the FLAG tag were described elsewhere (12, 35) . BRCA1 cDNA with NotI linker was cloned at the NotI site of pEBG vector (36) to express GST-fused full-length BRCA1 in mammalian cells. BRCA1͞ pEFN for the luciferase assay was constructed by subcloning the BRCA1 cDNA into the NotI site of pEF-BOS (37) . Plasmid pGAL4DBD was generated by transferring a HindIII-BamHI fragment containing the GAL4DBD in pSG424 (a gift from A. N. A. Monteiro, Cornell University, New York, NY) to pcDNA3 (Invitrogen). pGAL4AD was generated by transferring a HindIII-BamHI fragment containing GAL4AD in pACT2 (CLONTECH) to pcDNA3. To generate a series of STAT1 segments fused with GAL4DBD, BamHI-NotI fragments of STAT1(1-52, 107-279, 185-279, 289-374, 383-487, 712-750) cloned in pGEX5X vector (34) were transferred to pGAL4DBD. Amino acids 498-568 of STAT1 was PCR-amplified by a set of primers, 5Ј-GGGATCCT T TCAGA AGTGCTGAGT TG-GCAGTTT-3Ј and 5Ј-GGCGGCCGCGTGTTTTTTAAT-GAGTTCTAGGAT-3Ј, and aa 569-679 was PCR amplified by 5Ј-GGGATCCTGCTCCCTCTCTGGAATGATGGGTGC-3Ј and 5Ј-GGCGGCCGCTCCAAAGGCATGGTCTTTGTC-AAT-3Ј. These fragments were also cloned into the BamHI-NotIdigested pGAL4DBD. GST-BRCA1 segments were described (24) . The BamHI-NotI BRCA1 (502-802) fragment was subcloned into pGAL4AD to generate pGAL4AD-BRCA1(502-802). Luciferase reporter plasmid, 3x Ly6e-LUC, has been described (12) .
Immunoprecipitation and GST-Affinity Purification Assays. Cell extracts were prepared in Extraction Buffer C [50 mM Tris (pH 8)͞120 mM NaCl͞0.5% Nonidet P-40], with the addition of 100 mM NaF͞200 M sodium orthovanadate͞100 g/ml of PMSF͞20 g/ml of aprotinin͞10 g/ml of leupeptin. Whole-cell extract (20 g) was loaded per lane. For immunoprecipitation, 1.0 mg of whole-cell extract was used with 1-2 g of antibodies.
The secondary antibodies were peroxidase-conjugated goat antimouse or rabbit IgG from Jackson ImmunoResearch. Signals were developed by chemiluminescence (Renaissance, NEN). For GST-affinity purification assays, whole-cell extracts prepared from 293T cells treated with IFN-␥ for 15 min were used. Briefly, 500 g of lysates were incubated with about 2 g of GST-fusion proteins for 1 h at 4°C. Then, glutathione beads were added to each sample, and samples were further rotated for 1 h at 4°C. After extensive washing with NET-N buffer [20 mM Tris (pH 8.0)͞100 mM NaCl͞1 mM EDTA͞0.5% Nonidet P-40͞100 mM NaF͞200 M sodium orthovanadate], samples were loaded on a 7.5% SDS͞PAGE gel, and blotted with anti-STAT1 antibody.
Luciferase Assay. Basic procedures have been described (29) . For each cell culture, 1 g of 3x Ly6e-LUC with or without 2 g of BRCA1͞pEFN were transfected. Cells were treated with IFN-␥ (10 ng͞ml) for 6 h before luciferase assay. ␤-Galactosidase activity was measured as an internal control by cotransfection of pcDNA3.1͞His͞LacZ (Invitrogen).
Generation of Adenovirus. The protocol has been reported (38) . Briefly, cDNAs of BRCA1 or LacZ was subcloned into pShuttlecytomegalovirus, and recombination was performed in a BJ5180 bacterial cell line. Recombinant virus was isolated, amplified, and analyzed for protein expression. Cells were infected with LacZ (Ad-LacZ) or BRCA1 (Ad-BRCA1) viruses at a multiplicity of infection of 5 or 100, respectively.
Results

BRCA1 and IFN-␥ Cooperation in Activation of STAT1 Responsive
Promoter Elements. p21WAF1 promoter contains IFN-␥ response elements to which activated STAT1 dimers bind, contributing to the inhibition of cell growth (39) . Because IFN-␥ activates the p21WAF1 promoter through these STAT1 elements, we asked if BRCA1 might also be involved in the IFN-␥ pathway leading to p21WAF1 gene expression. The ability of BRCA1 to activate a STAT responsive reporter gene, 3x Ly6e-LUC, was tested in a cotransfection assay. A BRCA1 expression vector was cotransfected with 3x Ly6e-LUC into several cell lines. In the 2fTGH cell line, approximately sixfold induction of the reporter gene was observed with IFN-␥ stimulation (Fig. 1, lane 2) . Transfection with a BRCA1 expression vector modestly increased the basal transcription level in these cells. On IFN-␥ treatment, the transcriptional activation in the BRCA1-expressing cells increased to 11-fold (lane 4). To clarify the role of STAT1 in this transcriptional enhancement with BRCA1, the same experiment was performed in the STAT1-deficient U3A cell line (40, 41) . No activation of 3x Ly6e-LUC was observed in U3A cells regardless of BRCA1 expression or IFN-␥ treatment (lanes 5-8).
Complementation of the U3A cells by stable transfection with a STAT1␣ expression vector produced a line, G8, in which IFN-␥ responses are fully restored (11, 12, 34, 35) . Similar results were obtained in G8 cells after IFN-␥ treatment with cotransfection of BRCA1 (Fig. 1, lanes 9-12) . These results indicate that the additive enhancement between BRCA1 and IFN-␥ requires, at least, the STAT1␣ protein. To demonstrate the generality of this effect in an efficiently transfectable cell line, a similar experiment was performed in 293T cells. IFN-␥ stimulation of 3x Ly6e-LUC in 293T cells resulted in an approximately fivefold increase in luciferase activity (lane 14). In these cells, expression of BRCA1 increased the basal activity of the reporter from fiveto sevenfold over background (lane 15), but again a strong enhancement was observed on IFN-␥ stimulation, leading to a 15-fold increase in reporter gene activity (lane 16).
Differential Regulation of Endogenous IFN-␥ Target Genes by BRCA1.
The response of two endogenous genes known to be transcriptionally induced by IFN-␥ stimulation was next tested. Both p21WAF1 and IRF-1 are known to be induced by activated STAT1 in response to IFN-␥ stimulation (39, 42) ; 293T cells were transfected with control vector or BRCA1 expression plasmid, and treated with IFN-␥ for 4 h. Total RNA was extracted and subjected to RT-PCR analysis for detection of endogenous p21WAF1 or IRF-1 mRNA expression. For IRF-1, a low basal mRNA level was stimulated 3.5-fold in response to IFN-␥ treatment ( Fig. 2A Middle, lane 2) . The basal mRNA level of p21WAF1 was extremely low in our assay, but IFN-␥ treatment resulted in a threefold stimulation (Fig. 2 A Upper, lane 2) . Expression of BRCA1 had no apparent effect on the levels or inducibility of the IRF-1 mRNA (Fig. 2 A Middle, lane 3), but had a dramatic effect on expression of p21WAF1 (Fig. 2 A Upper, lane  3) . The combination of IFN-␥ treatment and BRCA1 transfection resulted in more than 12-fold induction compared with IFN-␥ treatment alone or BRCA1 expression alone (Fig. 2 A  Upper, lane 4) . In contrast, IRF-1 did not show any further activation by BRCA1 after IFN-␥ treatment (Fig. 2 Upper, lane 4). We also tested other IFN-␥ target genes such as SMAD7 and IP10, but the synergistic effect of BRCA1 on IFN-␥ stimulation was not observed (data not shown). Consistent with our findings using a STAT responsive reporter gene, these results indicate that endogenous IFN-␥-responsive genes may be regulated by a BRCA1-STAT1 complex, and suggests that BRCA1 acts as a specific and not general coactivator of gene expression.
To further investigate the requirement for BRCA1 in this differential regulation of IFN-␥ target genes, RT-PCR analysis was performed in the breast cancer cell line, HCC1937, homozygous for the BRCA1 5382C mutation (43) . This insertion mutation causes premature termination of the BRCA1 protein resulting in the lack of a functional BRCT domain in the C terminus. Expression of IRF-1 mRNA was increased by IFN-␥ stimulation of HCC1937 cells (Fig. 2 A Middle, lanes 5 and 6) , but IFN-␥-dependent induction of p21WAF1 was abolished in these BRCA1 mutant cells (Fig. 2 A Upper, lanes 5 and 6) .
Induction of p21WAF1 was also examined by Western blot analysis by using G8 cells; these cells were infected with recombinant adenovirus of LacZ or BRCA1, and cells were treated with IFN-␥ for 5 h before assay. Like the induction of p21 mRNA shown by RT-PCR analysis of 293T cells, p21WAF1 protein was significantly increased by IFN-␥ and BRCA1 (Fig. 2B, lane 4) . Induction of p21WAF1 protein was not observed in STAT1-negative U3A cells (data not shown).
BRCA1 Interacts with the STAT1␣ Transcriptional Activation Domain.
To determine if STAT1 and BRCA1 form a physical complex, the endogenous BRCA1 was immunoprecipitated with an anti-BRCA1 mAb from extracts of 293T cells which were unstimulated or stimulated with IFN-␥ for 12 h. Because of the low affinity of the anti-BRCA1 antibody, large amounts of cell extract were required for these immunoprecipitation experiments. IFN-␥ treatment increased the level of cellular STAT1␣ and STAT1␤ proteins two-to threefold, but the endogenous BRCA1 level was not altered (Fig. 3 A and B, lanes 1 and 2) . STAT1 was specifically coimmunoprecipitated with BRCA1 after IFN-␥ stimulation (Fig. 3A, lanes 3 and 4) . The coprecipitated STAT1 is primarily the full-length STAT1␣ (Fig. 3A, lane  3) , but a minor amount of STAT1␤ could also be detected in the immunoprecipitates of BRCA1, likely because of mixed heterodimers of STAT1␣ and STAT1␤.
In the activation of STAT1, IFN-␥ induces Ser-727 phosphorylation which is crucial for maximal transcriptional activation (12, 44) . To test the importance of Ser-727, in vitro binding assays were performed by cotransfection of 293T cells with expression vectors encoding a GST-BRCA1 fusion protein and expression vectors encoding FLAG-tagged versions of either the wild-type or Ser-727A STAT1␣. When cells were not treated with IFN-␥, no STAT1 copurification was observed (Fig. 3C, lanes 7 and 8) , nor was any STAT1 protein recognized by the GST protein alone even after IFN-␥ treatment (Fig. 3C, lanes 1-4) . In contrast, after IFN-␥ stimulation, GST-BRCA1 was capable of binding the wild-type STAT1␣ protein (Fig. 3C, lane 5) . The Ser-727A mutant was also capable of binding BRCA1 after IFN-␥ treatment, but the interaction was greatly reduced compared with that of wild-type STAT1␣ (Fig. 3C, lane 6 ). This suggests that Ser-727 plays an important role in BRCA1 binding, and is consistent with the reduced ability of this mutant to bind cofactors and regulate transcription (12, 15) . Although the in vitro interaction between STAT3 and BRCA1 was also tested, we could not detect the binding (data not shown). To further confirm the binding of BRCA1 to the STAT1 C-terminal region, we performed the coprecipitation assay by using purified proteins. Full-length His-tagged BRCA1 was partially purified from baculovirus-infected Sf9 cells through Ni column (Fig. 4A, lane  1) . BRCA1 protein (500 ng) was incubated with 1 g of a GST fusion protein expressing the STAT1␣ C-terminal 38 aa or GST alone. After precipitation with glutathione beads, coprecipitated BRCA1 was detected by immunoblot analysis (Fig. 4B, lane 3) . The STAT1 C terminus clearly bound to the BRCA1 protein whereas the GST carrier did not. This result suggests that the two proteins are able to bind directly. Collectively, these protein interaction results indicate that the C-terminal transcription activation domain of STAT1␣ can serve as a specific binding site for BRCA1 and that the phosphorylation acceptor, Ser-727, can enhance the recruitment BRCA1.
STAT1␣ Binds to the Central Region of BRCA1.
The region of BRCA1 that interacts with STAT1␣ was next determined. Lysate from IFN-␥-treated 293T cells were incubated with six different BRCA1-GST fusion proteins (24) bound to glutathione Sepharose beads, and bound proteins were released and immunoblotted to detect STAT1. The GST-BRCA1 segment containing aa 502-802 specifically bound to the STAT1␣ protein but not STAT1␤ (Fig. 5, lane 6) , consistent with results indicating that BRCA1 preferentially binds to STAT1␣ (Fig. 3) . These results lend further support to the notion that BRCA1 binds directly to the C-terminal 38-aa transcriptional activation domain of STAT1␣ that is absent in STAT1␤.
IFN-␥ Induces Binding of BRCA1 to the STAT1␣ Transcriptional Activation Domain.
To more directly test the function of the interaction between STAT1 and BRCA1, a mammalian two-hybrid assay was performed. The BRCA1 segment containing aa 502-802 was fused with the heterologous GAL4 activation domain (GAL4AD). The STAT1 C-terminal segment containing transactivation and the BRCA1-binding domain (aa 712-750) was also expressed as a fusion protein with a GAL4 DNA-binding region. The hybrid proteins were coexpressed with or without IFN-␥ stimulation, and activity of a GAL4 reporter was measured. As shown in Fig. 6 , GAL4DBD-STAT1(712-750) stimulated the reporter gene activity up to 16-fold, and the reporter gene activity was only weakly increased by IFN-␥ stimulation up to 20-fold (Fig. 6, lanes 7 and 10) , consistent with other reports using artificial GAL4DBD-STAT1(712-750) proteins (15) . An antibody specifically recognizing phosphorylated Ser-727 of STAT1␣ equally reacted with GAL4DBD-STAT1(712-750) with or without IFN-␥ treatment (data not shown), suggesting that this hybrid protein is at least partially phosphorylated constitutively. Coexpression of GAL4AD-BRCA1(502-802) with GAL4DBD-STAT1(712-750) further activated the reporter gene by up to twofold (lanes 8 and 11) . No other domain of STAT1 tested was capable of either activating transcription by itself or cooperating with BRCA1 (data not shown). These results confirm that the region of BRCA1 between aa 502-802 interacts with the C-terminal transcriptional activation domain of STAT1␣. 6) , and GST or GST-BRCA1 was purified from extracts with glutathione beads. Samples were separated by 6% SDS͞PAGE, and immunoblotted with anti-FLAG antibody. (D, E, and F) Detection of exogenously expressed proteins. Total cell lysates (20 g) were separated by 6% (D and E) or 10% (F) SDS͞PAGE, and the expression level of FLAG-tagged STAT1␣ (D), GST-BRCA1 (E), and GST (F) were confirmed by immunoblot analysis by using anti-FLAG or anti-GST antibody. To evaluate the ability of the complete BRCA1 protein to cooperate with the STAT1␣ transcriptional activation domain, the activity of GAL4DBD-STAT1(712-750) was examined with and without full-length BRCA1 cotransfection. Although GAL4DBD-STAT1(712-750) activated the reporter gene when coexpressed with BRCA1 (Fig. 6, lane 9) , IFN-␥ stimulation enhanced activation more than 500-fold over basal activity (Fig.  6, lane 12) . This result strengthens the conclusion that the BRCA1 protein interacts functionally with the STAT1␣ transcriptional activation domain in IFN-␥ signaling.
Discussion
The present studies provide the first demonstration that BRCA1 is required for induction of a subset of IFN-␥ target genes as a coactivator for the transcription factor, STAT1␣. The mechanism of transcriptional cooperation between the two proteins involves interaction between the BRCA1 residues 502-802 and the STAT1 transcriptional activation domain.
Studies from several laboratories have implied that the BRCA1 protein might be able to function as a transcriptional activator. BRCA1 can stimulate transcription of several promoter reporter genes, including the cyclin-dependent kinase inhibitor, p21WAF1. Our results demonstrate a critical role for STAT1-BRCA1 interaction in activation of the p21WAF1 gene by IFN-␥. It is not known if STAT1 requires wild-type p53 for maximal activation of the p21WAF1 gene, but it is important to note that the 2fTGH, U3A, and G8 cell lines express wild-type p53 (G. R . Stark, personal communication) .
The C-terminal 38 aa of STAT1␣ have an intrinsic transcriptional activation activity when fused with the GAL4DBD (ref. 15 and Fig. 6 ). Although phosphorylation of the Ser-727 in this region is required for maximal transcriptional activation, little is known concerning how Ser-727 phosphorylation regulates STAT1 activity. Recent work has illustrated that the C-terminal region of STAT1␣ has a capacity to bind to multiple cellular proteins including CBP͞p300 and MCM5, and that this binding can be enhanced by Ser-727 phosphorylation after IFN-␥ stimulation (15) . We postulate that the recruitment of specific pol II coactivators by IFN-␥-activated STAT1 dimers relies in part on the coordination with other promoter-bound factors. It is conceivable that the choice of coactivators determines the differential gene regulation leading to subsets of biological outcomes. Our mammalian two-hybrid analysis showed that the full-length BRCA1 is a more potent activator of STAT1 than the isolated STAT1-binding region. It is possible that the full-length BRCA1 protein is itself posttranslationally modified by IFN-␥ treatment, resulting in greater capacity for transcriptional activation.
Although many studies suggest a transcriptional activation function for BRCA1 based on reporter gene activation, it is unclear how mutations at the BRCA1 locus that are found in breast and ovarian cancer affect specific gene regulation. Our evidence showing that IFN-␥ induction of p21WAF1, not IRF-1, is impaired in BRCA1 mutant cells, and that p21WAF1, not IRF-1, can be stimulated synergistically by IFN-␥ and BRCA1, clearly demonstrates that STAT1 requires BRCA1 for specific gene induction events. Whereas the mutant form of BRCA1 expressed in HCC1937 cells still retains the STAT1-binding region, the protein lacks the BRCT domain. Because this BRCA1 variant is likely to retain the capacity to bind to STAT1, the impaired induction of p21WAF1 in HCC1937 cells after IFN-␥ stimulation suggests that the mutant BRCA1 may serve as a dominant-negative protein which interferes with the link between activated STAT1 and the basal transcriptional machinery. In fact, we examined the reconstitution of BRCA1 in HCC1937 cells by Ad-BRCA1 infection, but p21WAF1 expression was not restored on IFN-␥ stimulation (data not shown). Further research is required to determine if BRCA1 mutations exist which do not bind to STAT1, but retain the intact BRCT domain.
The differential regulation of the IFN-␥ target genes by BRCA1͞STAT1 coactivation raises the question of how BRCA1 achieves promoter specificity. There are currently no data in support of the BRCA1 protein directly contacting DNA, but this issue requires further investigation. Recent studies of the ability of the BRCT domain to initiate transcription in vitro determined that BRCA1 prefers a supercoiled template and was virtually nonfunctional from a linear template (45) . The conclusion drawn from these studies is that the BRCT transcriptional activity is highly dependent on the negative superhelical topology of the template DNA. Because negatively supercoiled DNA contains a high percentage of single-stranded regions (46) , this finding suggests that BRCA1 prefers partially single-stranded promoters. It is worth noting that the other transcription factor known to collaborate with BRCA1 on this promoter, p53, has a wellstudied ability to bind single-stranded DNA (37, 47) . We suggest that altered chromatin structure of the p21WAF1 promoter might be a major determinant of the differential regulation of the STAT1 target genes by BRCA1. In this respect, it is noteworthy that the three factors known to be recruited by the STAT1␣ transcriptional activation domain, CBP͞p300, MCM5, and BRCA1 all have functions that have been linked to DNA topology.
A unique biological role of IFN-␥ in antitumor immunity has been recently postulated (7, 8) . Genetic abnormalities affecting proteins involved in IFN-␥ signaling might impede the initial control of nascent tumor cell proliferation. Our findings provide evidence supporting this concept. The loss of BRCA1 function would decrease IFN-␥-dependent gene regulation events that limit cell growth. We demonstrated that the p21WAF1 gene was synergistically activated by BRCA1 and IFN-␥ in intact cells, but this synergy is impaired in cells lacking a functional BRCA1 protein. It is possible that the disturbance of the p21WAF1 induction by IFN-␥ provides an early growth advantage to nascent tumor cells, allowing them to bypass the initial antitumor actions of IFN-␥. Our demonstration that IFN-␥ may control cell growth regulation through direct STAT1-BRCA1 interaction provides not only a new insight into the mechanisms behind IFN-␥-mediated growth inhibition, but also provides insight into the differential regulation of gene expression depending on recruitment of transcriptional coactivators. In addition, these findings present a new mechanism by which disturbance of STAT1͞BRCA1-mediated gene expression might contribute to cancer development.
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